In the past 20 years, the discovery and characterization of the molecular machinery that controls cellular polarization have enabled us to achieve a better understanding of many biological processes. Spatial asymmetry or establishment of cell polarity during embryogenesis, epithelial morphogenesis, neuronal differentiation, and migration of fibroblasts and T cells are thought to rely on a small number of evolutionarily conserved proteins and pathways. Correct polarization is crucial for normal cell physiology and tissue homeostasis, and is lost in cancer. Thus, cell polarity signaling is likely to have an important function in tumor progression. Recent findings have identified a regulator of cell polarity, the Par complex, as an important signaling node in tumorigenesis. In normal cell types, the Par complex is part of the molecular machinery that regulates cell polarity and maintains normal cell homeostasis. As such, the polarity regulators are proposed to have a tumor suppressor function, consistent with the loss of polarity genes associated with hyperproliferation in Drosophila melanogaster. However, recent studies showing that some members of this complex also display pro-oncogenic activities suggest a more complex regulation of the polarity machinery during cellular transformation. Here, we examine the existing data about the different functions of the Par complex. We discuss how spatial restriction, binding partners and substrate specificity determine the signaling properties of Par complex proteins. A better understanding of these processes will very likely shed some light on how the Par complex can switch from a normal polarity regulation function to promotion of transformation downstream of oncogenes.
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Polarity and cancer progression
Normal epithelial cells in glandular tissues are characterized by a defined organization, displaying an asymmetric distribution of proteins along the internal apical-basal axis. During morphogenesis, cells undergo a profound reorganization of the cytoskeleton, organelles, membranes and other cellular components to create an internal axis of asymmetry. This property, known as apical-basal polarity, is part of a differentiation program that determines cell behavior. Intact cell organization is not only required for proper organ function, but it may also dictate the growth state of the cell, as well as its survival. Although many studies have characterized the molecular pathways that provide proliferation and survival downstream of oncogenic signaling (Hanahan and Weinberg, 2000) , neither the contribution of cell organization and polarity nor the mechanisms by which oncogenes deregulate tissue organization during transformation have been characterized. Histologically, a strong correlation between malignancy and loss of epithelial organization has been documented for almost all types of tumors. This suggests that understanding the molecular mechanisms that regulate cell and tissue organization, as well as how they are targeted during transformation, will give important insights into tumor development.
Polarization is also required for other biological processes that require spatial asymmetry, such as stem cell division, and cell migration in different contexts (Morrison and Kimble, 2006; Dow and Humbert, 2007; Lee and Vasioukhin, 2008) . This suggests that the polarity signaling may also have a function during more advanced stages of oncogenesis that involve invasive and migratory processes. The new findings about the potential importance of stem cell regulation and of epithelial-to-mesenchymal transition (both of which require spatial asymmetry and polarized signaling) (Hugo et al., 2007; see Moreno-Bueno et al., 2008) , as cancer-related processes, indicate as well that polarity regulation may be involved in multiple aspects of oncogenesis.
Polarization is regulated by an extensive intracellular signaling network, which is only recently beginning to be understood Macara, 2004; Goldstein and Macara, 2007; Martin-Belmonte and Mostov, 2008a) , and whose function in oncogenesis remains elusive. This is due, in part, to the lack of appropriate models to recreate and study cellular organization of glandular structures in vitro. Traditional in vitro approaches of monolayer cell culture do not recreate the interactions observed in the three-dimensional (3D) space of a complex organ. Moreover, cancer-derived cell lines have usually lost their ability to maintain the structural and functional properties of the organ they are derived from. Studies pioneered by Mina Bissell using 3D tissue culture systems (Petersen et al., 1992) are overcoming these constraints and showing not only how epithelial organization can modulate the outcome of oncogenic signaling, but also how oncogenes must deregulate organization to successfully transform cells in a 3D environment, as occurs in vivo (Weaver et al., 1996; Muthuswamy et al., 2001; Debnath et al., 2003; Underwood et al., 2006; Xiang and Muthuswamy, 2006; Hebner et al., 2008) . These studies provide the conceptual framework as well as the experimental tools to discover the molecular pathways that deregulate cell organization during transformation.
The molecular machinery that creates and maintains polarity is well conserved among species and common to all different types of polarization. Polarity is achieved by the concerted action of three protein complexes that interplay with each other and with the structural components of the cytoskeleton and intercellular junctions in the case of apical-basal polarity (EtienneManneville and Hall, 2003b; Dow and Humbert, 2007; Asse´mat et al., 2008) . The Scribble complex, the Crumbs complex and the Par complex define the basolateral domain, the apical domain and the apical-lateral border, respectively. Some of the proteins in these complexes are implicated in oncogenesis and have been identified as a new type of tumor suppressor (Bilder, 2004; Lee and Vasioukhin, 2008) . Here, we will describe the multiple aspects of Par complex signaling and how it interplays with oncogenic pathways.
Par complex is a crucial regulator of apical-basal polarity
The Par proteins (name derived from 'partitioning defective') were first identified in a Caenorhabditis elegans screen for mutants that were defective in the anterior-posterior partitioning of proteins in the early embryo (Kemphues et al., 1988) . As then, the six Par proteins have been found in almost every organism from C. elegans to Xenopus to mammals (reviewed in Goldstein and Macara, 2007) . The Par complex includes two of these Par proteins, Par3 and Par6, the serine/ threonine kinase aPKC (atypical Protein Kinase C) and small GTPases, such as Cdc42 or Rac1 (Johnson, 1999; Joberty et al., 2000; Lin et al., 2000) .
The initial characterization of the Par complex in C. elegans showed its involvement in asymmetric cell division at the one-cell stage of the embryo (Kemphues et al., 1988; Kemphues, 2000) . Par complex is required for the spatial restriction of the cytoskeleton and the asymmetry of the spindle (Nance et al., 2003; Munro, 2006) , as well as for the unequal distribution of cell fate determinants among daughter cells. This was shown to be dependent on the localization of Par complex components to asymmetric membrane domains of the dividing cell. The subsequent discovery of Par homologs in other organisms, as well as the description of their functions in numerous cell polarization processes, has established asymmetrical spatial restriction as the conserved Par complex function.
Genetic studies in Drosophila melanogaster have established a prominent function for the Par complex in regulating the formation and maintenance of apicalbasal polarity in epithelial cells (Tepass et al., 2001; Hirose et al., 2002; Rolls et al., 2003; Hutterer et al., 2004) . In mammals, the Par complex is also required for apical-basal polarity, but multiple isoforms of Par6 (Noda et al., 2001; Gao and Macara, 2004) and aPKC (Izumi et al., 1998) have been described that may exhibit functional redundancy. Study is much currently devoted to map the interactions and functions of the Par complex in establishing and maintaining cell polarity (Izumi et al., 1998; Lin et al., 2000; Qiu et al., 2000; Hirose et al., 2002; Nagai-Tamai et al., 2002) (Figure 1 ). Biochemical and cell biological studies in mammalian cells are beginning to provide insights into how the Par complex is restricted to the apical-basal border of polarized epithelia and how it promotes spatial asymmetry of the cytoskeleton and secretory organelles of the cells Goldstein and Macara, 2007; Wodarz and Nathke, 2007) .
In mammals, the apical-lateral border is structurally defined by the tight junctions, a specialized type of intercellular adhesion complex (see Tsukita et al., 2008) . Mature tight junctions enforce structural epithelial polarity by forming a physical barrier that prevents intermixing of membrane proteins between the apical and basolateral surfaces. The components of the tight junctions, namely occludens, claudins, nectins and junction adhesion molecule proteins, form a tight intercellular seal that prevents uncontrolled paracellular leakage of fluids in and out of the luminal space (Fleming et al., 2000; Ebnet et al., 2008) . Par3, a multiple postsynaptic density, disc large and ZO-1 domain containing protein, associates with these junctions through binding to junction adhesion molecule (Ebnet et al., 2001 (Ebnet et al., , 2003 and nectin-1/3 (Suzuki and Ohno, 2006) . Par3, in turn, is able to promote junction assembly by cofilin-mediated regulation of actin dynamics (Chen and Macara, 2006) . Thus, Par3 provides anchorage to assemble the Par complex at the apicallateral border by binding Par6 and recruiting Par6-associated proteins.
Par6 is a scaffolding protein that contains a postsynaptic density, disc large and ZO-1, a Phox Bem1 and a semi-Cdc42 Rac interacting binding domain. These provide direct interaction with at least three other members of the Par complex, aPKC, Cdc42/Rac and Par3 (Noda et al., 2001) . aPKC interacts with the Phox Bem1 domain of Par6, and although this interaction tethers the kinase to tight junctions in polarizing epithelia, it is also thought to inhibit the activity of aPKC. The Par6-aPKC complex is localized to the tight junctions by the interaction with Par3 Bilder, 2003) . This spatial restriction is reinforced by a feedback mechanism in which Par3 is phosphorylated by aPKC, and this phosphorylation maintains Par3 at tight junctions (Izumi et al., 1998; Macara, 2004) . Binding of Cdc42 to this maturing Par complex through binding to semi-Cdc42 Rac interacting binding and postsynaptic density, disc large and ZO-1 domains of Par6 is thought to be the key event that activates aPKC at the apical border (Joberty et al., 2000; EtienneManneville, 2004; Chen and Macara, 2006) . Thus, aPKC is asymmetrically localized by the scaffolding Par proteins, but its activity is modulated by GTPase binding. Recent studies in keratinocytes as well as in neurons suggest that in addition to Cdc42, other GTPases such as Rac1 also function as modulators of Par complex activity. Consistent with this notion, Par3 interacts with Tiam1, a Rac guanine nucleotideexchange factor, and this interaction is important for tight junction formation and epithelial morphogenesis (Chen and Macara, 2005; Mertens et al., 2005) .
Yet, another layer of complexity to the Par complex activity is provided by upstream regulation by phosphoinositides. Cdc42 can be recruited to the apical surface by phosphoinositol biphosphate generated by phosphatase and TENsin homolog (Figure 1) (Johnson, 1999; Lin et al., 2000; Kay and Hunter, 2001; Yamanaka et al., 2001; Garrard et al., 2003; EtienneManneville, 2004; Peterson et al., 2004) . It seems likely that phosphoinositide signaling is involved in different aspects of polarity formation, as it was recently shown that phosphatase and TENsin homolog can bind Par3 and is required for tight junction formation (MartinBelmonte et al., 2007; Wu et al., 2007; Feng et al., 2008; Martin-Belmonte and Mostov, 2008b) . Moreover, Par6 and Par3 can also interact through their postsynaptic density, disc large and ZO-1 domains with phospholipase C b, thus regulating other enzymatic activities that are important in phosphoinositide signaling (Cai et al., 2005) .
The function of aPKC activity during establishment of polarity has been a subject of intense study, leading to the identification of several different substrates, of which many are polarity regulators. aPKC phosphorylation of polarity regulators outside the Par complex provides the necessary cross talk to establish asymmetric membrane domains. Similar to its interaction with Par3, aPKCmediated phosphorylation is required for the correct localization and function of the Crumbs complex (Hurd et al., 2003; Lemmers et al., 2004; Wang et al., 2004) . Both protein associated with lin-7 and the apical transmembrane protein Crumbs, members of the Crumbs complex, directly bind Par6 (Hurov et al., 2004; Sotillos et al., 2004; Suzuki et al., 2004; Hurov and Piwnica-Worms, 2007) . The mechanism of action of the Crumbs complex remains largely unknown, but it relies on aPKC phosphorylation and Par6 binding that provide apical restriction. Concomitantly, the interaction with the Crumbs complex upregulates aPKC activity and inhibits the function of basolateral regulators such as the Scribble complex at the apical space. Recent data have described the specific binding of the Crumbs complex to the cytoskeleton motor protein dynein (Horne-Badovinac and Bilder, 2008; Li et al., 2008) . This may be a crucial initiating event that provides apical restriction and enables the synergy between the Crumbs complex and aPKC to direct the apical domain formation.
aPKC controls the establishment of the basolateral domain by excluding components of the lateral membrane from the apical surface. For example, aPKC phosphorylates Lgl to exclude it from the apical membrane and restrict it to the lateral domain (Betschinger et al., 2003 (Betschinger et al., , 2005 Plant et al., 2003; Yamanaka and Ohno, 2008) . Interestingly, Lgl and Par3 interact with aPKC in a mutually exclusive manner Par complex in cancer V Aranda et al (Hutterer et al., 2004) , suggesting that aPKC may exist in functionally distinct complexes to regulate the establishment of apical-basal polarity. This may be mediated by different scaffolding systems. The functional and physical interaction between aPKC and Lgl is mediated by a new aPKC activating protein, p32. p32 is required for the proper establishment of apical-basal polarity in Madin-Darby canine kidney cells, probably through its ability to regulate aPKC activity and facilitate phosphorylation of Lgl2 (Bialucha et al., 2007) . Recently, a new regulator of aPKC activity, the intersectin homolog Dap160, has been reported to bind both Par6 and aPKC as a positive regulator of the kinase's activity and localization. This interaction is important for neuroblast polarity and cell cycle progression (Chabu and Doe, 2008) . Although this and other points of interplay among polarity regulator complexes are only beginning to be understood; our current knowledge already highlights the fine-tuned nature of polarity signaling. The versatility of Par complex signaling extends to other polarization processes (Figure 1) , such as polarized cell migration, which can also have a function in malignant progression (see Etienne-Manneville, 2008 ).
Par complex is involved in polarized cell migration
The function of Par complex in migratory processes relies on its spatial control of actomyosin fiber activity and of GTPase activity. Studies describing woundinduced migration in astrocytes and fibroblasts, as well as activated T cells, demonstrated that the core Par6-aPKC module coordinates the stepwise events leading to polarized movement (Ludford-Menting et al., 2005; Gerard et al., 2007) . In these systems, the asymmetry is dictated by integrin ligation at the leading edge, which recruits Cdc42 and activates Par6-bound aPKC (Etienne-Manneville and Hall, 2001 ). The spatially restricted aPKC activity at the leading edge phosphorylates glycogen synthase kinase-3b at an inhibitory serine, detaching it from its substrate adenomatous polyposis coli (Etienne-Manneville and Hall, 2003a; Farooqui et al., 2006) . Adenomatous polyposis coli is then free to bind the plus end of microtubules and anchor them at the cell membrane through binding to Dlg1 (Etienne-Manneville et al., 2005) . This anchorage will promote the formation of a polarized cytoskeleton and relocalize the microtubule organization center, Golgi and other cellular components toward the direction of migration (Gomes et al., 2005) . Glycogen synthase kinase-3b phosphorylation may not be the only mechanism relevant for microtubule organization center. Wnt5A signaling can promote an interaction between Dishevelled 2 and aPKC at the leading edge of a migrating cell, suggesting a new link between Wnt signaling and polarized cell migration involving the Par6-aPKC-Cdc42 complex. Cdc42 participates in polarized migration by regulating Par6 and aPKC (Anderson et al., 2008) , and also by directly controlling actin polymerization and microtubule organization center reorientation through Par-independent mechanisms (Cau and Hall, 2005) .
In addition, the Par6-aPKC complex at the leading edge of a migrating cell recruits the E3 ubiquitin ligase Smurf 1 and targets RhoA for degradation (Wang et al., 2003; Nishimura et al., 2005; Pegtel et al., 2007; Nakayama et al., 2008) . Once the protrusion is formed, active Par3 can bind Tiam1/Tiam2 and also modulate Rac1 activity in lamellipodial extension, in a similar fashion to the process of dendritic spine maturation (Zhang and Macara, 2006) . Intriguingly, in this system, dendritic spine genesis is also initially regulated by Par6-mediated regulation of RhoA signaling. Par6 can recruit p190 RhoGAP and downregulate RhoA specifically at the membrane location where spines are being formed (Zhang and Macara, 2008) . Par3, in turn, has a function in spine maturation by restricting the positive regulator Rac's activity through sequestering its guanine nucleotide-exchange factors Tiam1/Tiam2. Thus, Par3 and Par6 have complementary functions to achieve spatiotemporal control of GTPase signaling during polarized cell migration.
The common theme arising from different polarization mechanism suggests that the Par complex should be viewed as a central node that integrates various signaling inputs into the program of cell polarity (Figure 1 ). However, much work is needed to decipher both upstream regulators and downstream effectors of the Par complex that may link this signaling module to other intracellular and extracellular signaling events.
Par complex interplays with normal signaling pathways
The extensive interplay between the Par complex and other signaling systems, such as small GTPases (Etienne-Manneville and Hall, 2002) or phosphoinositide signaling (Martin-Belmonte and Mostov, 2007), suggests that the Par complex can change composition dynamically to modulate the outcome of extracellular inputs as well . This relies on the ability of Par3 and Par6 to bind different adaptors and transmit their inputs to aPKC-mediated phosphorylation of distinct substrates or downstream effectors. New aPKC modulators, such as Dap60/intersectin, may represent an interesting connection between the Par complex and other pathways such as growth factor or Ras signaling (Tong et al., 2000; Wang et al., 2005) .
On top of protein composition, a cellular context also regulates Par complex activity. For example, we have discussed above how the aPKC-directed phosphorylation of glycogen synthase kinase-3b determines the directionality of migration in astrocytes and fibroblasts Hall, 2001, 2003a; EtienneManneville et al., 2005; Farooqui et al., 2006) . However, in 3D organized kidney epithelial cells, aPKC phosphorylation of glycogen synthase kinase-3b functions to inhibit apoptosis in polarized cells (Kim et al., 2007) . In myoblasts, insulin signaling is negatively regulated by Par6-aPKC. This is quite likely because of an insulininduced, Par6-aPKC-dependent inhibition of both Akt and insulin receptor substrate 1 (Moeschel et al., 2004; Weyrich et al., 2004 Weyrich et al., , 2007 .
In addition, Par complex members also display independent signaling activities outside of the complex and are likely to have cell-type specific functions. The aPKC interacting domains, have been reported in other proteins such as p62, which can tether aPKC activity to other signaling networks such as the NF-kB and c-Jun N-terminal kinase pathways (Moscat and Diaz-Meco, 2000; Moscat et al., 2006) . However, the precise function of aPKC in the NF-kB and c-Jun N-terminal kinase pathways remains to be understood. If aPKC activity has different functions within and outside the Par complex, quantitative regulation of Par6 binding is likely to also determine the signaling outcomes of extracellular stimuli. Par6 defines aPKC-signaling pathways, and this could be of importance in the case of genetic imbalance of one of the components of this network.
Par complex and regulation of oncogenic and tumor suppressor pathways
Interestingly, we have recently shown that Par6b is genetically amplified in breast tumors (Nolan et al., 2008) . Overexpression of Par6b in normal human mammary epithelial cells induces activation of mitogen-activated protein kinase signaling and promotes growth factor-independent proliferation. This function of Par6 is dependent on Cdc42 and aPKC interaction, and represents a new signaling function for Par complex activity in regulating cancer-related processes (Figure 1) .
The fact that the Par complex provides quantitative regulation, selectivity and spatial restriction for aPKC activity is remarkable in view of the recent reports proposing an oncogenic function for deregulated aPKC. Studies in D. melanogaster have identified aPKC activation and erroneous localization as factors that promote tumor growth (Eder et al., 2005; Lee et al., 2006; Grifoni et al., 2007) . aPKC activity has also been placed downstream of other transformation pathways, where it can participate in estrogen receptor-dependent stabilization of the oncogenic coactivator steroid receptor coactivator-3 (Yi et al., 2008) . Moreover, aPKC isoforms have been implicated in human and mouse malignancies of ovarian, head and neck, lung, breast, liver and colon origin (Eder et al., 2005; Regala et al., 2005; Stallings-Mann et al., 2006; Kojima et al., 2008) . The hyperactivation or mislocalization of the kinase affects tumor growth, motility and proliferation in cell lines (Donson et al., 2000; Fields et al., 2003; Murray et al., 2004; Sun et al., 2005; Cohen et al., 2006; Kuribayashi et al., 2007) . This suggests that failure to curb aPKC by normal polarized activity of the Par complex may unleash its pro-oncogenic potential (Figure 1) .
Members of the Par complex may also regulate other known tumor suppressor pathways. The von HippelLindau factor (VHL) is an E3 ubiquitin ligase that participates in proliferation control by regulating hypoxia-induced factor levels (Kurban et al., 2006; Kuehn et al., 2007) . However, VHL has also been shown to interact directly and induce degradation of aPKC (Okuda et al., 1999 (Okuda et al., , 2001 . Interestingly, VHL regulates the establishment of cell-cell junctions and cell polarity in a hypoxia-induced factor-1a independent manner (Calzada et al., 2006; Ji and Burk, 2008) , suggesting that both events may be related. Further analysis will be required to determine whether the ability of VHL to regulate aPKC relates to its effects on cell-cell junctions and cell polarity. The aPKC connection is thus revealing the mechanisms by which VHL and other proteins function as tumor suppressors. As discussed above, phosphatase and TENsin homolog, another tumor suppressor, also has an important function in regulating the correct localization of the Par complex.
Loss-of-function mutations in other polarity regulators belonging to the Scrib/Lgl/Dlg group have been shown to act as tumor suppressor genes in D. melanogaster, promoting tumor growth and neoplasia (Bilder, 2004) , demonstrating that cell polarity functions as a tumor suppressor factor. Interestingly, the tumorigenic effects of Lgl loss in D. melanogaster can be rescued by inactivating aPKC. Similarly, aPKC activity can be oncogenic when localized at the cortical surface (Grifoni et al., 2007) . This is of importance when considering studies that suggest that Lgl is often lost in human malignancies (Schimanski et al., 2005; Kuphal et al., 2006; Tsuruga et al., 2007) . The quantitative regulation of the Lgl-aPKC interaction is thus likely to shift the balance between normal and aberrant signaling. This, combined with the evidence supporting an oncogenic function for aPKC in mammalian systems and human tumors, suggests that although cell organization is a tumor-suppressive factor, the Par complex can have wider implications in cancer and have an oncogenic function. The oncogenic function of aPKC seems to result from a combination of organization loss and diversion of aPKC activity to other signaling pathways. Taken together, these findings put the molecular machinery that controls cellular organization at the crossroads of normal tissue homeostasis and tumor progression. Owing to the plastic nature of its interactions, the precise function of the Par complex in transformation is likely to depend on its ability to interact with different oncogenic stimuli.
Par complex as an effector of oncogenic signaling
Many studies have positioned the Par complex both downstream of tumor suppressor pathways as well as a target of oncogenic signaling (Wodarz and Nathke, 2007) . The interaction between the Par complex and GTPase signaling has traditionally been regarded as a connection to oncogenic signaling. Par6 and aPKC have been shown to be required for transformation downPar complex in cancer V Aranda et al stream of constitutively active Rac1 and Cdc42 (Noda et al., 2001) , suggesting that they can modulate oncogenic stimuli. Moreover, Par 6 has been shown to bind the new small GTPases Rin and Rit, (Hoshino et al., 2005) . This may provide a new link between the Par complex and oncogenesis, because Par6 interaction with Rin and Rit potentiates transformation downstream of Rac and Cdc42 (Figure 1) . The Par complex also functions downstream of oncogenic signaling pathways. Wang et al. demonstrated how transforming growth factor-b receptor (TGF-bR) type I can interact and phosphorylate Par6 at tight junctions, and this phosphorylation results in Par6 binding to Smurf1 to catalyze the degradation of RhoA (Wang et al., 2006) . Interestingly, Par6-mediated degradation of RhoA is necessary for tight junction dissolution and progression to the epithelial-to-mesenchymal transition (EMT) pathway (Figure 1 ) (Ozdamar et al., 2005) . In endocardial cells, Par6 is also a requirement downstream of TGF-b induction of EMT (Townsend et al., 2008) .
Epithelial-to-mesenchymal transition is thought to have a function in late-stage cancer progression to malignant disease (Huber et al., 2005 ) (see MorenoBueno et al., 2008) , and therefore this signaling pathway is consistent with an oncogenic function for Par6. However, the Par complex function in EMT is not limited to Par6 regulation of RhoA. Recent studies suggest that in parallel to Par6 binding and phosphorylation, TGF-b also downregulates Par3 expression and induces translocation of Par6 from tight junctions to the cytoplasm. Overexpression of Par3 inhibits TGF-b-induced loss of E-cadherin and EMT, suggesting that TGF-b remodels the Par complex from one that regulates normal polarity to one that promotes transformation, by changing the binding partners, composition and localization of Par6-aPKC. This paradigm is supported by ErbB2-mediated regulation of the Par complex. ErbB2 is a receptor tyrosine kinase that plays a relevant oncogenic function in breast cancer (Yarden, 2001; Yarden and Sliwkowski, 2001) . ErbB2 is amplified in 25-30% of breast cancers and correlates with poor prognosis (Slamon, 1987; Slamon et al., 1987 Slamon et al., , 1989 . Seeking to identify new mediators and cooperating factors required for ErbB2 oncogenesis, we developed a 3D system to study the effects of ErbB2 activation in normal, organized mammary epithelial cells (Muthuswamy et al., 2001) .The study of oncogenic signaling using 3D culture systems for normal mammary epithelial cells revealed that intact cell polarity and organization act as checkpoints during transformation. Oncogenes such as ErbB2 are able to overcome these checkpoints and transform organization-competent cells, in clear distinction to other oncogenes such as ErbB1. Therefore, ErbB2 must use unique mechanisms that enable disruption of cellular organization. These mechanisms are being elucidated, and we discovered that they are dependent on regulation of the Par complex activity (Aranda et al., 2006) . The ability of ErbB2 to transform organized epithelial cells is dependent on its ability to interact with Par6-aPKC and recruit both proteins away from Par3 and the apical-basal border. Thus, ErbB2 most likely disrupts normal polarity signaling by inactivating the Par3-Par6-aPKC node. Moreover, functionally blocking the Par6-aPKC interaction impairs ErbB2's ability to induce neoplastic aberrant growth, suggesting that ErbB2 recruitment of Par6-aPKC to its own activated complex is required for downstream signaling (Figure 1 ). This is independent of proliferative signaling and only partially related to cell survival, suggesting a new signaling pathway downstream of oncogenes such as ErbB2.
Disruption of cell polarity and tissue organization is an important event in the initiation and progression of tumorigenesis, and therefore alteration of the Par complex, intrinsic or induced by oncogenes, can potentially have a crucial function in the development of tumors in normal organized tissues in vivo (Figure 1 ). It is possible that new mediators are required to divert the Par complex to an oncogenic function, either by modulating aPKC activity or by recruiting it to oncogenic complexes. Elucidating the mechanisms for oncogene-mediated recruitment and the effectors of Par6-aPKC in this context will shed light on the oncogenic function of Par complex in cancer.
Conclusions and perspectives
The Par complex had been traditionally involved in different types of polarization from embryonic development to epithelial morphogenesis to migration. Recent studies are showing that this protein complex can have different functions provided by the combinatorial nature of the signaling elicited by it. The Par complex is emerging as a crucial signaling module that integrates external and internal inputs with different polarization processes. The outcome contributes to the homeostasis of normal cells and prevents aberrant disorganized growth or movement. Consistent with this, studies depicting the stepwise process of tumorigenesis have shown that deregulation of Par complex activity is a key factor for initiation of transformation. However, recent data have uncovered a pro-oncogenic function for aPKC and for the Par6-aPKC module downstream of oncogenic signaling. Thus, during transformation, the Par complex is likely to be affected in two opposite ways: negative regulation of its polarization activity and recruitment as a positive mediator for oncogenic pathways.
The ability of Par6 and Par3 to scaffold adaptors and effectors to activate many different pathways provides spatial regulation as well as quantitative activation and substrate specificity for the enzymatic activity of the complex. It will be important to achieve a systematic characterization of the binding partners that determine the outcome of the Par complex activity. One of the aspects that are likely to provide better insights is the study of Par complex interplay with GTPase signaling. New data are also strengthening the connection between Par complex in cancer V Aranda et al the Par complex and diverse aspects of GTPase signaling, suggesting that Par6 and Par3 can also modulate GTPase activity as downstream effectors of polarized signaling. What determines the binding of a specific GTPase, or the recruitment of guanine nucleotide-exchange factor and GAP factors to Par6 and Par3 is a question that promises exciting answers.
From the expanding Par complex signaling network, a common node arises. Regulation of aPKC phosphorylation activity is likely to be the main downstream effect of the Par complex. The activity of this serine/ threonine kinase seems increasingly similar to a doubleedged sword; although it is required for normal polarization, it is also a positive regulator of oncogenic signaling that can drive transformation on its own. Recent findings linking aPKC to tumorigenesis are broadening our view of the polarity machinery from a potential tumor suppressor factor into a more dynamic pathway deeply engraved in many aspects of oncogenic signaling. Targeting aPKC may represent a new interesting approach to stop tumor progression, even at an early stage. The use of an aPKC inhibitor that selectively targets Par6-aPKC interaction shows promising results in ovarian carcinoma (Stallings-Mann et al., 2006; Jin et al., 2008; Regala et al., 2008) , and spearheads the many therapeutic opportunities that the Par complex may offer. More interesting targets are bound to be identified as oncogenesis-specific Par complex partners are being discovered.
The study describing the function of Par complex in oncogenesis expands our vision of how and why cellular transformation takes place. It also highlights the need to parse our genetic data and redraw our signaling pathways to keep discovering new aspects that may help us understand and stop tumor progression.
